Aims: Alcohol consumption increases the risk of colorectal adenoma and cancer. The fecal immunochemical test (FIT) is a widely used screening method for detecting colorectal neoplasia. We evaluated the results of screening and risk factors for colorectal neoplasia in individuals with alcohol dependence. Methods: Total colonoscopic screening was performed for 1006 Japanese men with alcohol dependence (462 FIT-positive and 544 FIT-negative). Advanced neoplasia was defined as neoplasia ≥10 mm, villous or tubulovillous adenoma, high-grade adenoma, or carcinoma. Results: The detection rates for non-advanced adenoma, advanced neoplasia and intramucosal or invasive carcinoma were 38.7%, 39.4% and 9.7% for the FIT-positive group, and 33.3%, 10.8% and 2.2% for the FIT-negative group, respectively. Advanced neoplasia, especially carcinoma, was detected more frequently in the distal colon than in the proximal colon in the FIT-positive group. The respective multivariate odds ratios (ORs; 95% confidence interval) for non-advanced adenoma and advanced neoplasia were 2.83 (2.06-3.88) and 9.13 (6.19-13.5) for a positive FIT (vs. negative), 1.68 (1.39-2.02) and 1.83 (1.45-2.30) for age (per +10 years), 1.54 (1.06-2.23) and 1.88 (1.17-3.03) for current smoking (vs. non-smokers), and 1.35 (0.96-1.92) and 1.59 (1.02-2.48) for the presence of marked macrocytosis (mean corpuscular volume ≥106 fl vs. <106 fl). Genetic polymorphisms of alcohol dehydrogenase-1B and aldehyde dehydrogenase-2 did not affect the risk of colorectal neoplasia. Conclusion: The detection rate for advanced colorectal neoplasia was extremely high in the FITpositive group but remained high even in the FIT-negative group. An older age, smoking and macrocytosis were predictors of advanced colorectal neoplasia. Short summary: Total colonoscopic screening was performed for 1006 Japanese alcoholic men (462 fecal immunochemical test [FIT]-positive and 544 FIT-negative). The detection rate for advanced colorectal neoplasia was extremely high in the FIT-positive group (39.4%) and high in the FIT-negative group (10.8%). Ageing, smoking and macrocytosis were predictors of advanced colorectal neoplasia.
INTRODUCTION
Alcohol consumption is dose-dependently related to an increased risk of colorectal adenoma (Zhu et al., 2014) and carcinoma (Fedirko et al., 2011) . Colorectal carcinoma has been reported to be frequently detected in Japanese men with alcohol dependence (Yokoyama and Omori, 2001) . The fecal immunochemical test (FIT) is a widespread screening method for the detection of colorectal neoplasia in the general population (Sekiguchi et al., 2012) . However, appropriate screening methods for high-risk individuals with alcohol dependence have not been evaluated.
The International Agency for Research on Cancer concluded that both alcohol and acetaldehyde, which are associated with alcohol consumption, are carcinogenic to humans (International Agency for Research on Cancer, 2010) . Epidemiological studies of Japanese men with alcohol dependence have shown that an inactive heterozygous aldehyde dehydrogenase-2 status (ALDH2*1/*2; rs671) resulting in high acetaldehyde exposure, a slow-metabolizing alcohol dehydrogenase-1B status (ADH1B*1/*1; rs1229984) resulting in prolonged alcohol exposure, a markedly high mean corpuscular volume (MCV ≥ 106 fl) and a low body mass index (BMI) are positively associated with the risk of upper aerodigestive tract cancer (Yokoyama et al., 2010) . A pooled analysis of five Japanese cohort studies has demonstrated that an alcohol-colorectal cancer association was more apparent in Japanese than in Western populations (Mizoue et al., 2008) . However, no genetic or environmental factors to which this difference can be ascribed have been identified.
The present study was conducted in Japanese men with alcohol dependence who underwent screening using a combination of total colonoscopy and 2-day FITs and was designed to determine whether and to what extent various factors, such as the FIT results, ALDH2 and ADH1B genotypes, drinking and smoking habits, and MCV and BMI at the first visit, are associated with the findings of colorectal neoplasia screening.
MATERIALS AND METHODS
The reference population for this study consisted of 1049 Japanese men with alcohol dependence aged 40-79 years old who (a) were admitted to the Kurihama Medical and Addiction Center for the treatment of alcohol dependence for the first time between 2004 and 2013, (b) did not have any history of endoscopic polypectomy or mucosal resection or any cancer treatment in the colorectum (based on information collected from the patient immediately before the patient underwent a colonoscopic examination) and (c) had undergone 2-day FITs and a subsequent colonoscopic examination within 2 years after the day of their first visit to the Center. Excluding 43 subjects (4.1% of the examinees) in whom the colonoscopic insertion in the cecum failed, 1006 subjects were included in this study. One subject in whom an advanced carcinoma had obstructed the colonoscopic insertion beyond the tumor was included.
The Center's inpatient alcohol-rehabilitation program included routine 2-day FITs and a lecture regarding the high risk of colorectal neoplasia in individuals with alcohol dependence and a recommendation to undergo colonoscopic screening even for subjects with FIT-negative results. The main reason for undergoing a colonoscopy among the FIT-negative subjects was a doctor's recommendation. The FIT was performed using a test kit for the detection of human hemoglobin in feces (a cut-off value of 50 ng/ml; Quick Chaser Occult Blood Ⓡ , Mizuho Medy Co. Ltd, Saga, Japan). The FIT results were defined as positive when at least one FIT was positive, and 462 subjects had a positive result and 544 subjects had a negative result. The proposal for this study was reviewed by the ethics committee of the Center, and signed informed consent was obtained from the subjects using a standard informed consent form. The patients were interviewed by experienced psychiatrists, and a diagnosis of alcohol dependence was established based on the DSM-IV criteria (American Psychiatric Association, 1994) . The subjects were asked to self-report about the most typical amount(s) and type(s) of alcoholic beverage(s) consumed during the year prior to their first visit to the Center. Daily ethanol consumption was calculated using a standard conversion for alcoholic beverages in which 180 ml of sake was assumed to contain 22 g of ethanol, 180 ml of shochu was assumed to contain 36 g of ethanol, 633 ml of beer was assumed to contain 25 g of ethanol, 30 ml of whiskey was assumed to contain 10 g of ethanol and 120 ml of wine was assumed to contain 11 g of ethanol. The daily alcohol intake was then converted to the number of units per day by dividing the total ethanol consumption in grams by 22 g per unit (the ethanol content of one serving of sake, a standard drinking unit in Japan).
Colonoscopic examination
The colonoscopic examinations were performed by three skilled endoscopists (T.M., A.Y. and S.O.) using a standard commercial video colonoscope (PCF230I, PCF240I, PCFPQ260I or PCFQ260AI; Olympus Optical Co. Ltd, Tokyo, Japan). The location and size of all the lesions were recorded by the endoscopists. Biopsy forceps were used as a visual guide to estimate the size of the lesions. Lesions with a greatest diameter of 4 mm or more were generally subjected to a polypectomy or mucosal resection, unless the risk associated with endoscopic resection was relatively high or the lesion was diagnosed as an invasive cancer. When the number of lesions was large, endoscopic resection was performed during another colonoscopic examination performed on another day. Mucosal biopsy specimens were collected from the lesions that were not removed by endoscopic resection.
Histological diagnosis
Each specimen obtained by biopsy or endoscopic polypectomy or mucosectomy was stained with hematoxylin and eosin and histologically classified into one of the following categories according to the degree of cytologic and architectural atypia (Japanese Society for Cancer of the Colon and Rectum, 2009): non-neoplasia, nonadvanced adenoma, advanced adenoma excluding intramucosal carcinoma (adenoma ≥10 mm, villous and tubulovillous adenoma, and high-grade dysplasia), intramucosal carcinoma and invasive carcinoma invading beyond the muscularis mucosa. Advanced neoplasia was defined as advanced adenoma or carcinoma (Nagorni et al., 2004) .
Mean corpuscular volume
We adopted the MCV value at the time of each subject's first visit to the Center as the MCV value used in this study. The MCV was measured using the electrical impedance method with an autoanalyzer (CELL-DYN 3500; Abbott, North Chicago, IL, USA). We classified an MCV ≥ 106 fl group as a marked macrocytosis group, since we previously reported that macrocytosis with an MCV ≥ 106 fl is strongly associated with an increased risk of cancer in the upper autodigestive tract (Yokoyama et al., 2006) , head and neck region (Yokoyama et al., 2006) , the esophagus (Yokoyama et al., 2003 (Yokoyama et al., , 2006 and stomach (Yokoyama et al., 2007) in Japanese alcoholic men.
Body mass index
On their first visit to the Center, body height was measured while the subject was not wearing shoes; the subjects were weighed while wearing light clothing.
ALDH2 and ADH1B genotyping
We determined the ALDH2 and ADH1B genotypes of 893 subjects. Polymerase chain reaction-restriction fragment length polymorphism methods were used to genotype ALDH2 and ADH1B in DNA samples obtained from blood (Yokoyama et al., 2003) .
Statistical analysis
The values were expressed as the means and standard deviation (SD), the standard error (SE) or the percentage. The age-adjusted least-square mean values were calculated using an analysis of covariance (ANCOVA); the age-adjusted percentage values were calculated using the direct method with the FIT-positive group as the standard population, and the statistical test was performed using the Cochran-Mantel-Haenszel test. A Chi-square test was used to compare the percentage data between groups. A multiple logistic regression analysis was used to estimate the odds ratios (ORs) and the 95% confidence intervals (CIs), where significant factors were selected using a stepwise procedure with P < 0.1 as the criterion for entry and removal. P values <0.05 were considered to be statistically significant. All the statistical analyses were performed using the SAS software program (version 9.4; SAS Institute, Cary, NC, USA). Table 1 showed the background factors of the subjects according to whether they were FIT-positive or FIT-negative. The FIT-positive group was significantly older than the FIT-negative group. Subjects with cirrhosis were significantly more frequent in the FIT-positive group than in the FIT-negative group. The frequencies of positivity for hepatitis B surface antigen and anti-hepatitis C virus antibody were 2.1% and 5.9%, respectively, among the subjects with cirrhosis. There were no significant differences in typical alcohol consumption, current smoking, MCV, BMI or ALDH2/ADH1B genotypes between the groups.
RESULTS
The colonoscopy findings for the most advanced lesion were shown in Table 2 . The detection rates of non-advanced adenoma, advanced neoplasia and intramucosal or invasive carcinoma were 38.7%, 39.4% and 9.7%, respectively, for the FIT-positive group, and 33.3%, 10.8% and 2.2%, respectively, for the FIT-negative group. The rates of multiple and advanced neoplasia were significantly higher in the FIT-positive group than in the FIT-negative group.
Supplementary Table S1 shows the total number of each type of neoplasia according to the anatomical sites of the colorectum. The proportion of advanced neoplasia relative to the total neoplasia was higher in the FIT-positive group than in the FIT-negative group (P < 0.0001). The number of non-advanced adenoma did not differ between the proximal colon (cecum, ascending colon and transverse colon) and the distal colon (descending colon, sigmoid colon and rectum), irrespective of the results of FIT. Advanced adenoma and carcinoma were more prominently distributed in the distal colon than in the proximal colon in the FIT-positive group (P < 0.0001), but this tendency was not significant in the FIT-negative group.
Determinants of neoplasia detection were identified using a multiple logistic analysis within a subgroup of subjects in whom ALDH2 and ADH1B genotyping was performed. As shown in Table 3 , the genetic polymorphisms of ALDH2 and ADH1B did not affect the risk of non-advanced adenoma and advanced neoplasia. A positive FIT was the strongest determinant for the detection of both non-advanced adenoma and advanced neoplasia. Other significant determinant factors were an older age and current smoking for both non-advanced adenoma and advanced neoplasia. Neither a high BMI nor a low BMI was associated with the risk of colorectal neoplasia.
A multiple regression analysis with a stepwise procedure using P < 0.1 for entry and removal among all the subjects was done by excluding the ALDH2 and ADH1B genotypes from the independent variables (Table 4) , since the numbers of missing values for ALDH2 and ADH1B genotypes were relatively large and the genotypes were not selected even at P < 0.2. The selected multivariate ORs (95% CI) for non-advanced adenoma and advanced neoplasia were 2.83 (2.06-3.88) and 9.13 (6.19-13.5), respectively, for positive FIT (vs. negative), 1.68 (1.39-2.02) and 1.83 (1.45-2.30), respectively, for age (per +10 years), 1.54 (1.06-2.23) and 1.88 (1.17-3.03), respectively, for current smoking (vs. non-smokers), and 1.35 (0.96-1.92) and 1.59 (1.02-2.48), respectively, for the presence of marked macrocytosis (MCV ≥106 fl vs. <106 fl). LSM, age-adjusted least-square mean by ANCOVA; SE, standard error. Percentage values were adjusted for age using the direct method with the FIT-positive group as the standard population; age-adjusted P values were calculated using the Cochran-Mantel-Haenszel test. a 1 unit = 22 g ethanol, a standard drinking unit in Japan.
We evaluated the effect of the number of risk factors, i.e. an older age, current smoking and an MCV ≥106 fl, on the incidence of advanced colorectal neoplasia in the FIT-negative group and the FIT-positive group separately (Table 5 ). The detection rate for advanced neoplasia increased from 3.1% to 18.4% in the FITnegative group and from 29.4% to 42.1% in the FIT-positive group as the number of risk factors increased from 0 to 3, but a significant trend was found only in the FIT-negative group (P = 0.004).
DISCUSSION
In the present study, colonoscopic screening yielded extremely high detection rates of advanced colorectal neoplasia (39.4% and 10.8%, respectively) and carcinoma (9.7% and 2.2%, respectively) among FIT-positive and FIT-negative men with alcohol dependence. The prevalence of advanced neoplasia according to colonoscopic screening was previously reported to be 16.0% and 2.6% among 1231 FIT-positive and 20,574 FIT-negative asymptomatic Japanese, respectively (Morikawa et al., 2005) . Screening using FIT is useful for identifying a markedly high risk of advanced colorectal neoplasia but remains inadequate in Japanese men with alcohol dependence. The strong association between alcoholism and colorectal neoplasia FIT, fecal immunochemical test. P < 0.0001 for trend from no neoplasia, non-advanced adenoma and advanced neoplasia and P < 0.0001 for comparisons of 1-2 of any neoplasias with ≥3 of any neoplasias between the FITpositive group and the FIT-negative group. ORs and 95% CIs were estimated using the multiple logistic regression analysis, where all the independent variables were simultaneously entered into the model. Table 3 were entered into the model and were selected using a stepwise procedure with P < 0.1 for entry and removal. Since the number of missing values for the ALDH2 and ADH1B genotypes was large and the genotypes were not selected even at P < 0.2, they were excluded from the analyses. might justify the use of colonoscopy as a primary screening approach among Japanese men with alcohol dependence. An older age, current smoking and macrocytosis were associated with a high risk of advanced neoplasia, and the number of risk factors may be useful for identifying FIT-negative men with alcohol dependence who have a high risk of advanced neoplasia.
The prevalence of cirrhosis was higher among the FIT-positive group than among the FIT-negative group. This finding can be explained by the bleeding tendency associated with cirrhosis or portal hypertensive gastropathy and colonopathy (Urrunaga and Rockey, 2014) , since the presence of cirrhosis did not affect the multivariate risk of colorectal neoplasia after adjustments for the FIT results. We previously reported a 2-day FIT-positive rate of 27.4% among 2366 Japanese men with alcohol dependence (Yokoyama and Omori, 2001) , while a nationwide survey reported a FIT-positive rate of 6% for a Japanese population-based mass screening program (Sekiguchi et al., 2012) . The high FIT-positive rate in men with alcohol dependence can be partly attributed to a bleeding tendency as well as a higher rate of colorectal neoplasia. When this overall FIT-positive rate of 27.4% was tentatively applied to the present population, the detection rate for advanced neoplasia was estimated to be 18.6% of Japanese men with alcohol dependence as a whole, while it has been reported to be 3.3% for a large asymptomatic Japanese population (Morikawa et al., 2005) .
Advanced neoplasia, especially carcinoma, was much more frequently detected in the distal colon than in the proximal colon among the FIT-positive group. Some studies have demonstrated that alcohol consumption is more strongly associated with adenoma and carcinoma in the distal colon than in the proximal colon (Toyomura et al., 2004; Bongaerts et al., 2008; Shin et al., 2011) . Although the sensitivity of FIT for detecting advanced colorectal neoplasia is higher in the distal colon than in the proximal colon (Morikawa et al., 2005; Chiu et al., 2013) , the effect of alcoholism on the development of advanced neoplasia may be more pronounced in the distal colon.
A meta-analysis of 11 case-control studies has demonstrated that the presence of an active ALDH2*1/*1 genotype, compared with an inactive ALDH2*1/*2 genotype, was associated with an increased risk of colorectal cancer (Zhao et al., 2014) . This finding can be, at least in part, explained by the higher level of alcohol consumption in ALDH2*1/*1 carriers. The present study demonstrated that the ALDH2 genotype was not associated with a risk of colorectal neoplasia. Our earlier case-control study in Japanese men with alcohol dependence showed a positive association between the ALDH2*1/*2 genotype and the risk of colon cancer (Yokoyama et al., 1998) ; however, this previous study might have been biased, because the colon cancer cases consisted of 35 cases with newly diagnosed cancer and 11 cases with a history of cancer, and four cases had other alcoholism-related cancers. Unlike neoplasia in the upper aerodigestive tract (Yokoyama et al., 2010) , acetaldehyde might not play a major role in the development of colorectal neoplasia. Alternatively, since acetaldehyde levels can be markedly elevated in the colorectum (e.g. up to 270 µM; Jokelainen et al., 1996) as a result of the intra-colonic microbial oxidation of alcohol (Jokelainen et al., 1994) , low-K m ALDH2 (K m , 3.2 µM) might play only a small role in controlling this concentration, whereas other colonic high-K m ALDH1A1 (K m , 180 µM) and ALDH1B1 (K m , 55 µM) might have more important roles (Singh et al., 2015) .
We recently compared the gut microbiota structures of Japanese with and without alcohol dependence. The gut microbiotas of individuals with alcohol dependence were diminished in dominant obligate anaerobes and enriched in some minor species (Tsuruya et al., 2016a) . Acetaldehyde productivity from alcohol was much lower in feces from individuals with alcohol dependence than in feces from individuals without alcohol dependence. These alterations in the gut microbiota might modify the pathogenesis of alcoholism-related colorectal neoplasia. Some obligate anaerobes (e.g. Ruminococcus) that produce high levels of acetaldehyde from alcohol under aerobic conditions have also been identified in feces from Japanese with alcohol dependence, and acetaldehyde production was further enhanced in the presence of oxidative stress in these species (Tsuruya et al., 2016b) . Evaluations of the microbiota structures in biofilms on the colorectal mucosal surface will be a focus of future research.
Cigarette smoking was associated with a high risk of both nonadvanced adenoma and advanced neoplasia in this study, consistent with the results of previous studies (Toyomura et al., 2004; Johnson et al., 2013 ). An MCV ≥106 fl is associated with a high risk of advanced colorectal neoplasia. A low MCV because of chronic blood loss is frequently observed in patients with advanced colorectal cancer (Spell et al., 2004) , but Japanese studies have reported that a higher MCV is associated with a higher risk of colorectal adenoma (Fujimori et al., 2000 (Fujimori et al., , 2003 . A high MCV can have many causes including folate deficiency, excessive alcohol consumption, an older age and smoking (Yokoyama et al., 2014) , all of which increase the risk of colorectal neoplasia (Giovannucci, 2002; Johnson et al., 2013) . Severe acetaldehyde exposure associated with inactive heterozygous ALDH2 and fast-metabolizing ADH1B is a major determinant of a markedly high MCV in Japanese men with alcohol dependence (Yokoyama et al., 2014) . However, since these genotypes did not affect the risk of colorectal neoplasia, the effect of a very high MCV on the risk of colorectal neoplasia may be mainly attributable to poor nutrition, including folate deficiency, rather than acetaldehyde exposure. In addition to a low folate intake, chronic excessive alcohol consumption may cause folate malabsorption and inhibit enzymes responsible for folate synthesis (Giovannucci, 2002) . The combination of high alcohol and low folate intake has been demonstrated to be strongly associated with increased risks of colorectal adenoma and carcinoma (Giovannucci, 2002) . However, folate intake or plasma folate levels have not been evaluated in Japanese individuals with both alcohol dependence and colorectal neoplasia, and these topics will be important in future research. Our previous studies have consistently demonstrated that marked macrocytosis of MCV ≥106 fl increases the risk of cancer in the head and neck region (Yokoyama et al., 2006) , esophagus (Yokoyama et al., 2003 (Yokoyama et al., , 2006 and stomach (Yokoyama et al., 2007) in Japanese men with alcohol dependence, and the risk remained significant after adjustments for ALDH2 and ADH1B genotypes. Together, these findings suggest the influence of various causal mechanisms associated with a high MCV in the development of neoplasia in the upper aerodigestive tract, stomach and colorectum of individuals with alcohol dependence.
A high BMI has been demonstrated to be a risk factor for colorectal-advanced neoplasia and colorectal adenoma recurrence (Kwon et al., 2013; Taniguchi et al., 2014) . A high BMI is also a risk factor for non-alcoholic steatohepatitis, where an increased abundance of ethanol-producing bacteria in gut microbiomes and elevated endogenous blood-ethanol levels have been observed (Zhu et al., 2013) . However, we did not observe any significant associations between BMI and the risk of colorectal neoplasia in the present population.
Our study had several limitations. The first potential limitation was that it was a cross-sectional survey. The large number of cases with advanced neoplasia detected among the FIT-negative group can probably be attributed to a low sensitivity of FIT for the detection of advanced adenoma and early cancer (Morikawa et al., 2005; Chiu et al., 2013) , but repeated testing either annually or biennially could increase the program sensitivity of FIT for advanced adenoma or early cancer (Church et al., 1997; Lane et al., 2010) . Growing evidence has shown that colorectal cancer screening reduces mortality from this cancer (Saito et al., 1995; Mandel et al., 2000; Lee et al., 2007) . Prospective surveillance is needed to evaluate the efficacy of screening for individuals with alcohol dependence. We did not observe any effects of current alcohol consumption on colorectal neoplasia. These findings may be related to the homogeneity of the study population. Another limitation was that physical activity, folate levels or dietary habits, including the intake of red meat, fruit and vegetables, were not investigated, and these factors have a considerable impact on the risk of colorectal neoplasia (Giovannucci, 2002; Johnson et al., 2013) . Generalization of the results obtained in our study based on an investigation of treatment-seeking men with alcohol dependence will require confirmation by the screening of various drinking populations, including cases with mild alcoholism, and the screening of women with alcohol dependence. Since an alcohol-colorectal cancer association may be more apparent in Japanese than in Western populations (Mizoue et al., 2008) , a comparison between Japanese and Western individuals with alcohol dependence would likely be of interest.
In conclusion, the detection rates for advanced neoplasia and carcinoma were extremely high: 39.4% and 9.7%, respectively, for FIT-positive and 10.8% and 2.2%, respectively, for FIT-negative men with alcohol dependence. The ALDH2 and ADH1B genotypes did not affect the risk of colorectal neoplasia. In addition to an older age and cigarette smoking, an MCV ≥106 fl was associated with a high risk of advanced colorectal neoplasia. The implementation of colorectal cancer screening is recommended for high-risk populations.
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